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(54) PROCESS FOR PRODUCING PHOSPHATIDYLSERINES HAVING POLYBASIC 
UNSATURATED FATTY ACID AS SIDE CHAIN 

(57) A process for producing phosphatidylserine 
having a long chain unsaturated fatty acid in its side 
chain. In this process, a natural lecithin containing long 
chain unsaturated fatty acid side chain is used as the 
starting material. Using the natural lecithin as a sub- 
strate for reaction, phospholipase-D is caused to act on 
the substrate under the presence of serine, whereby 
phosphatidylserine having a side chain derived from the 
long chain unsaturated fatty acid can be easily obtained 
through single step reaction. 
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Description 

Field of the Invention 

5 The present invention relates to a method for producing phosphatidylserines having a side chain derived from a 
long chain unsaturated fatty acid, more specifically, to a press for producing compounds effective for the prophylaxis 
and treatment of Parkinson's disease and dementia such as Alzheimer's disease, as well as effective for improving cer- 
ebration such as improved resistance against brain stress and improved learning effect. 

10 Background Art 

A. Bruni, et al., report that the brain glucose level in mice injected via the caudal vein with phosphatidylserine 
extracted from bovine brain is increased by about 4 fold the level in the control group (A. Bruni et al., Nature, Vol. 260. 
pp. 331, 1976). 

15 A. Zanotti et al., also report that the oral administration of phosphatidylserine extracted from bovine brain to aged 
rats with memory deficits for 12 weeks improved the performance of the aged rats (A. Zanotti et al., Psychopharmacol- 
ogy Berl., Vol. 99, pp. 316, 1989). 

Furthermore it is confirmed at a double-blind placebo-controlled clinical trial for humans the efficacy of phosphati- 
dylserine extracted from bovine brain in improving the memory impairment in Alzheimer's disease and during the aging 

20 stage (P. J. Delwaide et al., Acta Neurol. Scand., Vol. 73, pp. 136, 1986; R. R. Engel et al., Eur. Neuropsychopharma- 
col., Vol. 2, pp. 149, 1992; T. Cenacci et al., Aging Clin. Exp. Res., Vol. 5, pp. 123, 1993). 

As has been described above, bovine brain-derived phosphatidylserine having the effect of increasing brain glu- 
cose level has an effect of improving the cerebration in rats and humans. Therefore, it is indicated that the degree of the 
increase in brain glucose level is an important indicator for selecting a substance with the action of improving cerebra- 

25 tion. 

However, it is believed that in general unsaturated fatty acid is bound to the beta position of phospholipid, and in 
natural phosphatidylserine, such as that derived from animal brain, more than ninety-two (92) percent of the fatty acid 
at beta position contains oleic acid (B. F. Szuhaj & G. R. List, "Lecithins", Am. Oil Chem. Soc, U.S.A., pp. 145, 1985). 

In phosphatidylserines produced through a transphosphatidylation reaction with phospholipase-D (PLD), a known 
so method of industrially producing phospholipids, most of fatty acid at beta position thereof was the same as that of the 
starting material, for example, linoleic acid and linolenic acid when using soybean lecithin, or oleic acid and linoleic acid 
when using yolk lecithin. 

Recently, there have been conducted a variety of studies on n-3 and n-6 groups of long chain unsaturated fatty 
acids, and there have been conducted many laboratory animal experimentations on the physiologic activities of n-3 

35 group long chain unsaturated fatty acids, including the improvement of learning performance. From these background, 
it may be possible that, if material combining above noted long chain unsaturated fatty acid and phosphatidylserine, 
such as phosphatidylserine comprising long chain unsaturated fatty acid in its molecule was produced, summation or 
synergistic effect of both phosphatidylserine and long chain unsaturated fatty acid will be effective and better cerebra- 
tion improver may be obtained. 

40 However, there is known among currently available phosphatidylserine no one which may be industrially produced 
with lower cost and comprises a long chain unsaturated fatty acid of n-3 or n-6 (except linoleic acid) group at beta posi- 
tion. 

For example, it has been proposed that a phosphatidylserine derivative having specific fatty acid at beta position of 
glycerol structure, which may activate proteinkinase-C (PKC) is a material which is a composition of long chain unsatu- 

45 rated fatty acid and phosphatidylserine for the estimation of the summation or synergistic effect as stated above (Japa- 
nese Patent-Laid Open No. 6-27931 1). In this Japanese patent, it is described that the experiment has been conducted 
in the condition that the phosphatidylserine derived from bovine brain which is effective for the clinical improvement of 
cerebration is a type of composition of a variety of fatty acids and the efficacy is not yet confirmed when structural fatty 
acid is specified, and also described that from the experiment conducted as such, specific proteinkinase-C activity has 

so been confirmed if saturated fatty acid (14 to 18 carbon atoms) is at alpha position and linoleic acid, linolenic acid, ara- 
chidonic acid, docosahexaenoic acid (DHA) are at beta position. 

For producing phosphatidylserine having such specific structure, a method is disclosed in the above refferred Jap- 
anese patent that diacyl phospholipids are transformed to liso phospholipids with phospholipase A 2 , then the specific 
phospholipid obtained by combining fatty acid in chemical synthesis are transformed to phosphatidylserine through 

55 transphosphatidylation with phospholipase-D. This method is associated with complex multistage reaction and chemi- 
cal synthesis so that the phosphatidylserine is not suitable for food stuff and that production cost is higher. 

Also reported is that glycerol derivative having specific structure at alpha- and beta position fatty acids has the effi- 
cacy of improving learning performance (Japanese Patent Laid-Open No. 6-256179). However, this Japanese patent 
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teaches that the primary structur for improvement is rather structural alpha- and beta fatty acids of the glycerol deriv- 
ative, and the residue at gamma position, or glycerol-3-phosphoryl-X (X means hydroxy!, choline, or ethanolamine 
group) is not directly concerning to the improvement of the learning performance. Therefore, this glycerol derivative is 
different from the phosphatidylserine with summation or synergistic effect estimated as stated above in the combination 
of fatty acids having improvement effect of learning performance. 

The producing method of glycerol derivative disclosed in the above noted second Japanese patent is of either sep- 
aration from natural compound or of chemical synthesis or process with phospholipase-C, and this may not be a pref- 
erable method of industrial production for food. 

Disclosure of the Invention 

The primary object of the present invention is to provide a method for producing phosphatidylserine having a long 
chain unsaturated fatty acid side chain in relatively simple, thus fewer steps by overcoming above mentioned problems. 

Another object of the present invention is to provide a method for readily producing phosphatidylserine of a type 
having as fatty acid structure n-3 or n-6 group long chain unsaturated fatty acid. 

In accordance with an aspect of the present invention, there is thus provided a method for producing phosphatidyl- 
serine having a long chain unsaturated fatty acid side chain, and the method comprises preparing a substrate com- 
posed of a natural lecithin containing a long chain unsaturated fatty acid as a fatty acid side chain, and applying 
phospholipase-D to said natural lecithin of said substrate under the presence of serine to cause transphospharidylation 
reaction. 

In accordance with a preferred embodiment of the present invention, said natural lecithin used for said substrate 
contains at least one type of the long chain unsaturated fatty acid selected from a group consisting of n-3 alpha linolenic 
acid, n-3 eicosapentaenoic acid, n-3 docosahexaenoic acid, n-6 linolenic acid, n-6 gamma-linolenic acid, and n-6 ara- 
chidonic acid. 

In accordance with another embodiment of the present invention, said substrate is composed of a lecithin extracted 
from head tissue of sea fishes. 

In accordance with still another embodiment of the present invention, said substrate is composed of a yolk lecithin 
extracted from eggs of hens fed with fish oil and/or vegital oil containing a long chain unsaturated fatty acid. 

In accordance with still another embodiment of the present invention, said substrate is composed of phosphatidyl- 
cholines fractionated and concentrated from the natural lecithin. 

In accordance with yet another embodiment of the present invention, said substrate is composed of phosphati- 
dylethanolamines fractionated and concentrated from the natural lecithin. 

The principle of the present invention is based on a new findings that, if a natural lecithin having a long chain 
unsaturated fatty acid in the side chain at beta position is used as a substrate for a transphosphatidylation reaction, 
phosphatidyl-L-serine having a long chain unsaturated fatty acid in its side chain at beta position can be obtained. 
According to this findings, phosphatidylserines having an abundance of the long chain unsaturated fatty acid may be 
easily produced through a single step transphosphatidylation reaction. Phosphatidylserines such produced may be 
excellent cerebration improver which exhibits a variety of summation or synergistic effects of both phosphatidylserine 
and the long chain unsaturated fatty acid since it has an abundance of the long chain unsaturated fatty acid 

That is, according to the method of the present invention, a natural lecithin having a fatty acid side chain derived 
from a long chain unsaturated fatty acid is used as a substrate for a transphosphatidylation reaction, and phospholi- 
pase-D is caused to act on said natural lecithin under the presence of serine thereby obtaining phosphatidylserines 
having a fatty acid side chain derived from the long chain unsaturated fatty acid. 

Natural lecithin especially suitable for use in the present invention contains at least one of long chain unsaturated 
fatty acid selected from the groups consisting of n-3 group such as alpha linolenic acid, eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA), and n-6 group such as linoleic acid, gamma-linolenic acid, and arachidonic acid. 
These long chain unsaturated fatty acids exhibit improving effect of learning performance, and a variety of physiological 
activities. Thus phosphatidylserines obtained from such natural lecithin containing these long chain unsaturated fatty 
acid may exhibit improving effect of learning performance and a variety of physiological activities. 

Therefore, phosphatidylserine produced according to the present invention may be a cerebration improver exhibit- 
ing in a summation or synergistic manner the effect of cerebration improvement of the phosphatidylserine itself and 
above-mentioned other effects of the long chain unsaturated fatty acid contained in the molecules thereof. 

In accordance with a method of the present invention, phosphatidylserine having a long chain unsaturated fatty 
acid in its side chain may be easily produced through only single step of transphosphatidylation reaction by using nat- 
ural lecithin containing a long chain unsaturated fatty acid as a substrate, without through a series of complex and multi 
step reactions or chemical synthesis processes of the conventional method. Therefore, in accordance with the present 
invention, cerebration improver which exhibits efficacy of both long chain unsaturated fatty acid and phosphatidylserine 
in a summation or synergistic fashion may be industrially advantageously produced with safety suitable for use in food 
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application as compared with the conventional method. 

As the content of the long chain unsaturated fatty acid exhibiting physiologic activities as described above and con- 
tained in the phosphatidyl serine in question is preferably as much as possible, natural lecithin used for the substrate in 
the present invention should preferably be selected such that it contains as much long chain unsaturated fatty acid as 
5 possible. 

For the natural lecithin highly containing a long chain unsaturated fatty acid at beta position, it is preferable to use 
a licithin extracted from sea fishes which contains a long chain unsaturated fatty acid in body tissue, especially in head 
tissue, such as for example, Tunas, Bonitoes, Mackerels, Sardines, Scombroids, Sauries, Horse Mackerels and Sau- 
rels, or yolk lecithin extracted from eggs of hens bred with the feed stuff containing a long chain unsaturated fatty acid. 

10 In practice, in order to obtain yolk lecithin highly containing long chain unsaturated fatty acid such as gamma lino- 
lenate, alpha linolenate, arachidonate, and docosahexaenate, a simple useful method for obtaining the yolk lecithin is 
to use eggs of hens fed with the feed stuff supplemented with fish oil and/or vegital oil containing such long chain 
unsaturated fatty acid. For example, soybean oil, perilla oil, cotton oil, sesame oil, corn oil, and safflower oil may be 
used as said vegital oil. Thus the yolk lecithin having an abundance of the long chain unsaturated fatty acid can be 

75 extracted from the yolk of the eggs obtained from hens fed with the feed stuff containing a long chain unsaturated fatty 
acid. 

These natural lecithin contains primarily specific phospholipids, that is, phosphatidylcholine and phosphatidyl eth- 
anolamine, and in addition in some case phosphatidylglycerol. Thus, the natural lecithin may not be only used as sub- 
strate for reaction but also lecithin fractionated and concentrated to specific phospholipids such as phosphatidylcholine 
20 or phosphatidyl ethanolamine may be used as substrate for the reaction of transphosphatidylation. 

A desired lecithin is selected from the above-mentioned variety of natural lecithin and the concentrated extract 
thereof, and reacted with phospholipase-D under the presence of serine to conduct the transphosphatidylation using 
said serine as a receptor thereof, so that phosphatidylserines having an abundance of a long chain unsaturated fatty 
acid of the desired type may be obtained. 

25 

The Best Mode for Carrying out the Invention 
EXAMPLE 1: 

30 For the first example of the present invention, phosphatidyl-L-serine was produced by using DHA-containing yolk 
lecithin as a starting material. The yolk lecithin used herein was extracted from eggs of hens fed with feed stuff supple- 
mented by fish oil and vegital oil containing a long chain unsaturated fatty acid, and is commercially available. 

Initially, 1 g of yolk lecithin containing 10 %DHA, 2 mL of ethyl acetate, 400 \iL of solution containing 120 mg of L- 
serine and 300 uL of enzyme solution of 150 U phospholipase-D (trade name: Phospholipase-D-Y1 ; manufactured by 

35 Yakult Honsha Co. Ltd., Japan) were prepared and sealed in a vial under nitrogen atmospher and then stirred with shak- 
ing for incubation at 50 °C for 10 hours to conduct transphosphatidylation reaction. 

After the completion of the reaction, the vial was cooled, and paste precipitated at the bottom of the vial was dis- 
solved with chroloform. The solution thus obtained was developed with thin layer chromatography (developer used con- 
tains chroloform-methanol-acetic acid at the volume ratio of 13 : 5 : 2) for separation. Dittomerlester reagent was 

40 sprayed onto the thin layer base to develop in color phosphorus to analyze phospholipid by using image analyzer (trade 
name: Geru-hakase; commercially available from Mitani Trading Co., Ltd, Japan). As a result of the analysis, develop- 
ment of 27.2 % of phosphatidyl-L-serine was confirmed. 

Also, the fixed phase of the spots of phosphatidyl-L-serine on the thin layer was scratched out and extracted with 
chroloform. Then, phospholipid fraction was separated from the extracts by means of capillary column chromatography. 

45 It was confirmed by the results from analysis that the phospholipid thus obtained contains 13 % of DHA (22 carbon 
atoms, 6 double bonds). 

As stated above, DHA containing yolk lecithin was used as reaction substrate for the transphosphatidylation reac- 
tion with phospholipase-D thereby producing phosphatidyl-L-serine which contains DHA. 

The later Table 1 shows that the product contains 13% of DHA (C22 : 6), approximately 3 % of linoleic acid (C18 : 
so 2), and approximately 6 % of arachidonic acid (C20 : 4). 

EXAMPLE 2: 

For the second example of the present invention, phosphatidyl-L-serine was produced by using a lecithin obtained 
55 from the head muscle tissue of the Yellowfin tuna [Thunnus Albacares). 

Initially, head of yellowfin tuna (approx. 1.6 kg) was crushed, pulverized, and freeze-dried to obtain dried-powder 
thereof. Then, for 100 g of the powder, solvent mixture of isopropanol, hexane and water (at the volume ratio of 10 : 20 
: 3) was added to extract lipid fraction. The extract was concentrated and dried under vacuum. Dried lipid fraction (18 
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g) thus obtained was added to acetone and cooled with ice. Th precipitation was dried to obtain approximately 300 mg 
of phospholipid. 

Using this phospholipid, phosphatidyl-L-serine was produced. More specifically, 100 mg of phospholipid thus 
obtained by the above process, 2 mL of ethyl acetate, 400 uL of solution containing 120 mg of L-serine, and 300 ul of 
5 enzyme solution of 1 5 U phospholipase-D (trade name: phospholipase-D-Y1 ; manyfactured by Yakutt Honsha Co., Ltd. , 
Japan) were prepared and sealed in a vial under nitrogen atmospher and then stirred with shaking for incubation at 50 
°C for 10 hours to conduct transphosphatidylation reaction. 

After the completion of the reaction, the vial was cooled and paste precipitated at the bottom of the vial was ana- 
lyzed by means of the thin layer chromatography and image analysis in a similar manner as that of Example 1 above. 
10 As a result of the analysis, it was confirmed that 34.5 % of phosphatidyl-L-serine is developed in the phospholipid. 

Further, in a similar manner as Example 1 , the fixed phase of the spot of phosphatidyl-L-serine on the thin layer 
was scratched out and extracted with chroloform, and phospholipid fraction was separated from the extracts by means 
of capillary column chromatography. The analysis of the fatty acid showed that, as shown in the later Table 1 , the phos- 
pholipid contains approximately 45 %of DHA (C22 : 6) and 4 %of EPA (C20 : 5). 
is As shown in this Example 2, a lecithin extracted from a head of Yellow fin Tuna was used as a substract for the reac- 
tion, and phosphatidyl-L-serine which highly contains DHA was obtained by the transphosphatidylation reaction of the 
substrate with phospholipase-D. 

EXAMPLE 3: 

20 

For the third example of the present invention, phosphatidyl-L-serine was produced by using a starting material or 
lecithin obtained from the head muscle tissue of Bigeye Tuna (Thunnus Obesus). 

Initially, approximately 1.2 kg of the head of Bigeye Tuna was crushed, pulverized and freeze-dried to obtain dry 
powder of Tuna head. Then, for 100 g of this powder, solvent mixture of isopropanol, hexane and water (at the volume 
25 ratio of 1 0 : 20 : 3) was added to extract lipid fraction. The extract was concentrated and dried under vacuum. Dried lipid 
fraction (10 g) thus obtained was added to acetone and cooled with ice. Then the precipitation thus developed was dried 
to obtain approximately 250 mg of phospholipid. 

Using this phospholipid, phosphatidyl-L-serine was produced. More specifically, 100 mg of phospholipid thus 
obtained by the above process, 2 mL of ethyl acetate, 400 uL of solution suspending 120 mg of L-serine, and 300 uL of 
30 enzyme solusion containing 150 U phospholipase-D (trade name: Phospholipase-D-Y1 , manufactured by Yakult Hon- 
sha Co., Ltd., Japan) and 5 mg of CaCI 2 were prepared and sealed in a vial under nitrogen atmospher and then stirred 
with strong shaking for incubation at 50 °C for 10 hours to conduct transphosphatidylation reaction. 

After the completion of reaction, the vial was cooled and paste precipitated at the bottom of the vial was analyzed 
by means of the thin layer chromatography and image analysis in a similar manner as that of Example 1 above. As a 
35 result of the analysis, it was confirmed that 82 % of phosphatidyl-L-serine is developed in the phospholipid. 

Further, in a similar manner as Example 1 , the fixed phase of the spot of phosphatidyl-L-serine on the thin layer 
was scratched out and extracted with chroloform, and phospholipid fraction was separated from the extracts by means 
of capillary column chromatography. The analysis of the fatty acid showed that, as shown in the later Table 1 , it has high 
content (approximately 88 %) of EPA (C20 : 5) while contant of DHA (C22 : 6) was 3 %. 
40 As shown in this Example 3, a lecithin extracted from the head of Bigeye Tuna was used as a substrate for the reac- 
tion, and phosphatidyl-L-serine especially highly containing EPA was obtained by the transphosphatidylation reaction 
with phospholipase-D. 

EXAMPLE 4: 

45 

For the fourth example of the present invention, phosphatidyl-L-serine was produced by using a starting material 
or lecithin obtained from the head muscle tissue of Ocean Bonito (Katsuwonus pelamis). 

Initially, approximately 0.5 kg of the head of Ocean Bonito was pulverized and freeze-dried to obtain dry powder 
thereof. Then, for 100 g of this powder, solvent mixture of isopropanol, hexane and water (at the volume ratio of 10 : 20 
so : 3) was added to extract lipid fraction. The extract was concentrated and dried under vacuum. Dried lipid fraction (1 1 
g) thus obtained was added to acetone and cooled with ice. Then the precipitation was dried to obtain approximately 
300 mg of phospholipid. 

Using this phospholipid, phosphatidyl-L-serine was produced. More specifically, 100 mg of phospholipid thus 
obtained by the above process, 2 mL of ethyl acetate, 400 ^L of solution containing 120 mg of L-serine, and 300 uL of 
55 enzyme solution of 15 U phospholipase-D (trade name: Phospholipase-D-Y1, manufactured by Yakult Honsha Co., 
Ltd., Japan) were prepared and sealed in a vial under nitrogen atmospher and then stirred with shaking for incubation 
at 50 °C for 10 hours to conduct transphosphatidylation reaction. 

After the completion of the reaction, the vial was cooled and paste precipitated at the bottom of the vial was ana- 
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lyzed by means of the thin layer chromatography and image analysis in a similar manner as that of Example 1 above. 
As a result of the analysis, it was confirmed that 34 % of phosphatidyl -L-serine is developed in the phospholipid. 

Further, in a manner similar to Example 1 , the fixed phase of the spot of phosphatidyl -L-serine on the thin layer was 
scratched out and extracted with chroloform, and phospholipid fraction was separated from the extracts by means of 
capillary column chromatography. The analysis of the fatty acid showed that, as shown in Table 1 below, the contents 
of DHA (C22 : 6) was approximately 45 %, and EPA (C20 : 5) approx. 8 %. 

As shown in this Example 4, a lecithin extracted from the head of Ocean Bonito was used as a substrate for the 
reaction, and phosphatidyl-L-serine containing DHA and EPA was obtained by the transphosphatidylation reaction with 
phospholipase-D. 

Following Table 1 shows the contents of each type of fatty acids (FA) in the phosphatidyl-L-serine obtained in the 
above examples 1 to 4. 



Table 1 



FA type (C : double 
bond) 


Contents of FA in phosphatidyl-L- 
serine (%) 




Ex. 1 


Ex. 2 


Ex.3 


Ex.4 


C16:0 


30 


30 


3 


20 


C18:0 


8 








C18:1 


22 


18 


4 


12 


C18:2 


3 








C18:3 


2 








C20:4 


6 








C20:5 




4 


88 


8 


C22:6 


13 


45 


3 


45 



Claims 

1 . A process for producing phosphatidyl serine having a long chain unsaturated fatty acid side chain, characterized in 
that natural lecithin containing a long chain unsaturated fatty acid as a fatty acid side chain is used for a substrate, 
and that phospholipase-D is applied to said natural lecithin under the presence of serine. 

2. The process according to claim 1 , characterized in that said natural lecithin contains at least one type of the long 
chain unsaturated fatty acid selected from a group consisting of n-3 alpha linoleic acid, n-3 eicosapentaenoic acid, 
n-3 docosahexaenoic acid, n-6 linoleic acid, n-6 gamma-linolenic acid, and n-6 arachidonic acid. 

3. The process according to claim 1 , characterized in that said substrate is composed of a lecithin extracted from head 
tissue of sea f ishese. 

4. The process according to claim 1 , characterized in that said substrate is composed of a yolk lecithin extracted from 
eggs of hens fed with fish oil and/or vegital oil containing a long chain unsaturated fatty acid. 

5. The process according to claim 1 , characterized in that said substrate is composed of phosphatidylcholines frac- 
tionated and concentrated from said natural lecithin. 

6. The process according to claim 1 , characterized in that said substrate is composed of phosphatidylethanolamines 
fractionated and concentrated from said natural lecithin. 
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